LEPTIN BINDING DOMAIN COMPOSITIONS AND METHODS THERETO 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to leptin binding domain compositions and 
methods thereto. The compositions are useful for detecting the presence of leptin in a sample 
and distinguishing free leptin from bound leptin in multiple species. More specifically, the 
present invention relates to methods for determining free leptin in a sample from an individual 
by assaying a sample for the binding of leptin to an avian leptin receptor binding domain, and 
detecting the bound leptin by using a labeled anti-leptin antibody. 

Description of the Related Art 

Human leptin is a 16 kDa, 146 amino acid residue, non-glycosylated polypeptide that was 
described based on the genetic mapping of a recessive mutation that caused severe obesity in 
mice (1-2). Abolished transcription or production of an inactive obesity (pb) gene product was 
found to be responsible for producing the obese (ob/ob) mouse, which is characterized by severe 
obesity, hyperphagia, hyperglycemia, hyperinsulinemia and insulin resistance, hypothermia, and 
infertility (3-5). The obesity gene product, later known as leptin, is produced by the adipose 
tissue across a wide range of animal species (1,2) and shows high interspecies conservation, 
with the human leptin sharing up to 84% and 87% homology with rat and mouse leptin, 
respectively (1,6). Crossing the blood-brain barrier (7), circulating leptin is believed to convey 
vital information to the brain regarding the level of body fat and energy stores and activate the 
hypothalamic centers that regulate food intake and energy expenditure (3, 4, 7, 8). A number of 
recent reports have proposed adipose tissue as an important endocrine gland, and have identified 
leptin as a pleiotrophic hormone affecting many different organs and tissues in the body (9-11). 
In addition to regulating fat metabolism, involvement of leptin in pathophysiology of multiple 
endocrine feedback loops, including reproductive, hematopoiesis, and adrenal cortex function, as 
well as immune system function, have been reported (8, 9, 1 1-13). 
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The effects of leptin on various functions may be mediated centrally via changes in 
hypothalamic neuropeptide Y expression, which in turn regulates the secretion of gonadotropic 
hormones (36) and food intake (37). Metabolic changes induced by alterations in food intake 
affect various hormone systems indirectly. In addition to its systemic effects, direct peripheral 
leptin actions have been demonstrated in several target tissues. Thus, leptin has been shown to 
modulate insulin activity in hepatocytes in vitro (38). Leptin modulates ovarian steroidogenesis 
in vitro (39, 40) and affects angiogenesis, acting in some tissues as a positive angiogenic factor 
(41), whereas it is angiostatic in adipose tissues (42). In rat ovary, leptin attenuates apoptosis 
and thus enhances sexual maturation (43). Leptin also regulates several functions in the pituitary 
cells (44). 

Leptin circulates in serum as a free form or bound to leptin-binding proteins, such as a 
soluble form of leptin-binding receptor (35). The majority of leptin is in the bound form in lean 
individuals, but in the free form in obese individuals (35). In addition, leptin levels are also 
influenced by the stage of puberty and gender in both adults and children. Blood leptin levels are 
about 2-3 fold higher in men than in women (3, 4, 15 -18); its secretion is pulsatile (19) and 
follows a circadian rhythm, with the highest levels achieved during the night (19, 20). Obesity in 
man, in contrast to obesity in mice, is associated with a significant increase in circulating leptin 
levels (14). Fat mass is the main determinant of leptin to the extent that its circulating levels are 
exponentially correlated with body mass index (BMI) and percent body fat (2-4, 14). The high 
sensitivity of leptin to changes in body fat is responsible for the observed wide variations in 
plasma leptin, which could range from 0.03 to over 100 ng/mL (15-18). Studies have indicated 
that loss of body fat decreases serum leptin levels, while an increase in body fat increases leptin 
levels; these observations suggest that the body's adaptive response to low serum leptin differs 
from the response to high leptin levels in a way that is characteristic for obesity (35). 

Recombinant leptins from several farm animals, such as sheep (45), chicken (46), cow, 
pig (47), and humans (48) have been prepared. A variety of in vivo experiments performed with 
leptin-deficient ob/ob and normal mice (49-51), as well as with chicken and sheep (52-54), 
indicate that administration of leptin by direct intraventricular, intramuscular, or intraperitoneal 
injections leads to a remarkable decrease in food intake and subsequent weight loss. 
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The main target of leptin's action is located in the brain, and as leptin is produced in adipose 
tissue, it has to be transferred through the blood-brain barrier. This transfer is mediated mainly 
through the short form of the leptin receptor located in the choroid plexus (55, 56). The leptin 
receptor is a member of the cytokine family of receptors and is responsible for mediating the 
biological activity of leptin (3, 4). In humans, four different mRNA splice variants of the leptin 
receptor have been so far identified (3, 4). Accordingly, secreted leptin may circulate in both 
free (unbound) as well as in complex forms bound to a number of different binding proteins. 
The latter reportedly includes a soluble splice variant of the receptor that has no transmembrane 
domain as well as soluble leptin receptor generated by the proteolytic cleavage of the membrane- 
anchored receptors and possibly other unidentified leptin binding proteins (3, 4, 22-23). 
Although the nature as well as biological importance of leptin association with binding proteins 
has not been fully defined, recent evidence has proposed a distinct role for the free and bound 
leptin (24). In addition, leptin association with binding proteins is thought to increase leptin 
biovailability and half-life as well as possibly contributing to the state of leptin resistance (2, 3, 
4, 19). As the balance of free and complex leptin is influenced by a complex array of variables, 
including several hormones and growth factors (3, 4), accurate determination of leptin sub- 
fractions could be of significant value in advancing our understanding of pathophysiology and 
potential diagnostics and therapeutic (10) applications of leptin. 

Progress in leptin research was complemented by the discovery and cloning of the leptin 
receptor (3, 4, 21). While polynucleotides and polypeptides of chicken leptin receptor are 
reportedly provided in Horev, et al. (57) and WO 01/30963, the particular binding domain for the 
avian species was not provided. A citation of exons 9 and 10 by Fong (58) is in reference to the 
mammalian genes of humans and mice. WO 01/30963 reports only a 49-50% sequence 
similarity between those species and the chicken receptor amino acid sequences. 

Continued progress in leptin research has also been aided by development of 
various methodologies for functional as well as clinical investigations of leptin (3, 4, 10). 
Currently, immunoassays are the method of choice for leptin quantification in serum and other 
biological fluids. The initial immunoassays, based on competitive principles (2, 25), have been 
largely replaced with non-competitive, non-isotopic, methodologies (26), which have the 
analytical performance advantages as well as avoiding the draw backs of radioactive labels. 
These immunoassays do not completely distinguish between the various circulating leptin. forms 
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(e.g., free vs complex, vs total) (26). Given the differential response of free and bound leptin to 
caloric intake, obesity, and other hormones as well as their potentially distinct 
pathophysiological roles (3, 4, 24), development of methodologies for specific determinations of 
free or complex leptin forms would be of significant value. In this context, a conventional, one- 
step, enzyme-linked immunosorbent assay (ELISA) for free leptin has been recently described 
(27). Development of a functional bioassay for free leptin has been also reported (28), but the 
methodology is relatively cumbersome and expensive for routine and large-scale applications. 



SUMMARY OF THE INVENTION 

This invention relates to methods and assays for the detection of free leptin levels in a 
sample from an individual. Data is presented that demonstrates the ability of avian or chicken 
leptin binding domain to bind effectively to leptin from multiple species. 

We have recently designed and produced a recombinant leptin binding protein based on 
leptin receptor binding domain sequences expressed in chicken. Production of the chicken leptin 
binding protein domain (CLBD) was based on considerations of its potential diagnostic and/or 
therapeutic value, which was in turn grounded on structural and functional similarities that exists 
among leptin and leptin receptors in various species (1-4, 6). Recognizing the importance of a 
more specific approach to free leptin determination, we recently embarked on a systematic 
evaluation of CLBD. The present application provides the first inter-species combination of a 
non-immunological solid-phase binder (CLBD) with an immunological detection reagent (goat 
anti-leptin antibody) for specific determination of free leptin. The methodology is applicable for 
use in multiple animal species, based on the cross-reacting nature of the various binding 
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reagents. The Free Leptin Receptor-Mediated Enzyme-Linked Immunoassay (RMEIA) is based 
on a receptor/antibody assay configuration, which is highly compatible with small as well as 
large-scale manual and/or fully automated applications. 

The present inventors describe herein subcloning of an avian subdomain, its expression in 
a prokaryotic host, and its subsequent purification and characterization. Further, the present 



invention provides a leptin binding domain protein having a sufficient binding affinity for human 
leptin that the binding domain may be used as an antibody mimic in an immunoassay for leptin. 

In one embodiment of the present invention, there is provided a composition comprising 
an avian leptin receptor binding domain having an amino acid sequence SEQ ID NO: 8 bound in 
a protein complex to a leptin protein. As demonstrated herein, the chicken leptin receptor 
binding domain binds to leptin at the same site as the mammalian leptin receptor binding 
domain, and therefore the avian domain is an agent for competition binding to human leptin in 
the presence of the human domain, and the avian domain is provided for binding free leptin in 
biological fluids such as plasma and serum. 

Another embodiment of the present invention provides a method for detecting a level of 
free leptin in a sample from an individual, comprising contacting the sample with an avian leptin 
receptor binding domain of SEQ ED NO:8 for a time sufficient to allow binding between the free 
leptin and the leptin receptor binding domain to form a bound complex, wherein said receptor 
binding domain is bound to a solid phase; washing the solid phase with a first wash buffer; 
contacting the solid phase with an antibody having binding specificity to leptin, wherein said 
antibody is coupled with a detectable label; washing the solid phase with a second wash buffer, 
and detecting said label remaining with said solid phase, thus detecting the level of free leptin in 
the sample. 

In another embodiment of the present invention, there is provided a kit for an assay of a 
level of free leptin in a sample from an individual, comprising an avian leptin receptor binding 
domain comprising SEQ ID No. 8, wherein said domain is bound to a solid phase; an antibody 
having binding specificity for leptin; and a detectable label coupled with the antibody, wherein 
the free leptin in the sample binds to the avian leptin receptor binding domain and the antibody 
binds to the free leptin, thus allowing specific detection of the free leptin in the sample. 

In yet another embodiment of the present invention, there is provided a method of 
assaying a test compound for agonist or antagonist activity for the binding of a leptin with a 
leptin binding domain comprises a) measuring a level of interaction between the avian leptin 
receptor binding domain and the mammalian leptin in the absence of the test compound; b) 
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measuring a level of interaction between the avian leptin receptor binding domain and the 
mammalian leptin in the presence of the test compound, wherein when the level measured in step 
b) is greater than the level in step a), the test compound has agonist activity, and wherein when 
the level measured in step b) is less than the level in step a), the test compound has antagonist 
activity. 

Advantages to using avian leptin receptor binding domain for detection rather than a 
leptin receptor specific antibody include use of a much smaller molecule for detection. An 
additional advantage of the present invention is that using avian or chicken leptin binding 
domain for detection allows assaying for free leptin levels in multiple species using the same 
assay. 

Other and further aspects, features, benefits, and advantages of the present invention will 
be apparent from the following description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to further 
demonstrate certain aspects of the present invention, so that the matter in which the above- 
recited features, advantages, and objects of the invention, as well as others which will become 
clear, are attained and can be understood in detail. The invention may be better understood by 
reference to one or more of these drawings in combination with the detailed description of the 
specific embodiments presented herein. It is to be noted, however, that the appended drawings 
illustrate preferred embodiments of the invention and therefore are not to be considered limiting 
in their scope. 

FIG. 1 illustrates a SDS-PAGE analysis of recombinant hLBD on a 15% gel. Lane 7, 
molecular mass markers (172, 1 1 1, 79.6, 61.3 (the strongest band), 49, 36.4, 24.7, 19.2, 13.1, 9.3 
kDa); lane 2, IPTG-induced bacteria; lane 3, inclusion bodies; lanes 4-6, pooled 100, 125, and 
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150 mM NaCl eluates (see legend to FIG. 2) following pretreatment with reducing agent; lanes 
8-10, the same but without pretreatment with reducing agent; lane 7, empty. 

FIG. 2 illustrates a purification of hLBD extracted and refolded from inclusion bodies on 
a Q-Sepharose column. The column (2.5 x 7 cm) was equilibrated with 10 mM Tris-HCl, pH 
9.0, at 4 °C. The dialyzed solution of refolded protein was applied to the column at a rate of 120 
ml/h. Elution was carried out using a discontinuous NaCl gradient in the same buffer at 120 
ml/h, and 5-ml fractions were collected. Protein concentration was determined by absorbance at 
280 nm. Every fifth tube was assayed for hLBD content by gel filtration in a Superdex™75 HR 
column (see text). Tubes 51-75, 78-104, and 110-135 were pooled (pools 100, 125, and 150 
mM, respectively). 

FIG. 3 illustrates a circular dichroism (CD) spectrum of purified recombinant leptin- 
binding domain in 65 mM sodium carbonate buffer, pH 7.5. 

FIG. 4 illustrates a gel filtration of complexes of hLEP and on a Superdex™75 HR 10/30 
column. Complex formation was carried out during a 20- to 30-min incubation at room 
temperature in TN buffer using various hLEP.LBD molar ratios and then aliquots (200 ul) of the 
incubation mixture were applied to the column, pre-equilibrated with the same buffer. The initial 
hormone concentration (2 uM) was constant in all cases in the upper row, whereas in the lower 
row the LBD concentration was held constant (4 uM). The column was developed at 0.8 ml/min 
and calibrated with bovine serum albumin (66 kDa, RT = 10.78 min), egg albumin (45 kDa, RT 
= 12.11 min), extracellular domain of hGH receptor (28 kDa, RT = 13.52 min), and ovine 
placental lactogen (23 kDa, RT =14.12 min). Protein concentration in the eluate was monitored 
by absorbance at 220 nm. Each experiment was conducted at least three times. 

FIG. 5 illustrates a competition of unlabeled human leptin (□), ovine leptin (A), and 
chicken leptin (T) with ,25 I-human leptin (80,000 cpm/tube) for binding to LBD (A) and to 
homogenate of BAF/3 cells (B). The specific binding (%) in experiments performed with 
human, ovine, and chicken leptins and their mutants were, respectively, 7.3% in A, and 8.1% in 
B, and the nonspecific binding was respectively, 5.4 and 14%. All values for specific binding 
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were normalized, and the solid lines and the IC50 values were calculated using the PRIZMA 

TM 

curve-fitting program (Author, A. (1994) GraphPad Prism , Version 2.0 , GraphPad Software 
Inc., San Diego, CA). 

FIG. 6 illustrates an association and dissociation kinetics between LBD and hLEP linked 
covalently to carboxy-methylated dextran through amino groups. 

FIG. 7 illustrates an inhibition of human (□)-, ovine (A)-, chicken (▼)-, and interleukin-3 
(0)-stimulated proliferation of BAF/3 cells transfected with the long form of human leptin 
receptor. Synchronized cells were grown for 48 h in the presence of human, ovine, or chicken 
leptin (0.57 nM) or interleukin-3 (6 nM) and various concentrations of LBD. The number of 
cells was determined subsequently by the thiazolyl blue method (see text). Full lines and IC50 
values were calculated using the PRIZMA curve- fitting program (Author, A. (1994) GraphPad 
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Prism , Version 2.0 , GraphPad Software Inc., San Diego, CA). 

FIG. 8 illustrates a schematic representation of the human leptin-LBD 1:1 complex. The 
amino- and carboxyl-terminal domains of LBD are denoted as Dl and D2, respectively. Tyr-441 
and Phe-500, which may be crucial for leptin binding, are labeled and shown in red. 

FIG. 9 illustrates gel filtration analysis of complexes at various molar ratios between 
ovine, human and chicken leptins and chLBD. The calculated MW of the chLBD in all 
experiments was the same. 

FIG. 10 illustrates inhibition of binding of 1251-hLep to chLBD by ovine, human and 
chLeptin. 

FIG. 11 illustrates a high-performance liquid chromatography (HPLC) profile of free 
leptin. A fresh serum sample was fractionated and fractions were assayed for free leptin 
reactivity by the Free Leptin RMEIA described herein. The column flow rate was 0.5 mL/min 
and 0.5 mL fractions were collected. Arrows mark the elution peak of the gel filtration 
molecular weight markers. 
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FIG. 12 illustrates an HPLC profile of soluble leptin receptor and free leptin. A fresh 
serum sample containing 200 ng/mL soluble leptin receptor was pre-incubated overnight with 
400 ng/mL exogenous leptin, fractionated as in Figure 1 1, and fractions were assayed for soluble 
leptin receptor and free leptin. Arrows mark the elution peak of the gel filtration molecular 
weight markers. 

FIG. 13 illustrates a comparison of free leptin RMEIA with total leptin ELISA. A 
randomly selected population of adult male and female clinical samples (n= 69) were assayed for 
total leptin by DSL Leptin ELISA and by the present Free Leptin RMELA. Values are means of 
duplicate measurements. RMEIA leptin standards were prepared in normal goat serum. 

FIG. 14 illustrates a comparison of free leptin RMEIA with total leptin ELISA in samples 
with total leptin of less than 25 ng/mL. The figure shows the expanded relationship between the 
corresponding sample values depicted in the lower region of Figure 3. RMEIA leptin standards 
were prepared in normal goat serum. Values are means of duplicate measurements. 

FIG. 15 illustrates a relationship between free leptin and soluble leptin receptor. A 
randomly selected population of adult male and female clinical samples (n= 31) were assayed by 
the present Free Leptin RMEIA and by a commercial Soluble Leptin Receptor ELISA. Values 
are means of duplicate measurements. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In one aspect, the present invention is directed to a composition comprising an avian 
leptin receptor binding domain having an amino acid sequence SEQ ED NO: 8 bound in a 
complex to a leptin protein. A representative example of avian leptin receptor binding domain is 
chicken leptin receptor binding domain. In another aspect, the leptin protein is mammalian 
leptin, wherein the mammalian leptin may be human, rat, mouse, ovine, porcine, or bovine 
leptin. 
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Another aspect of the present invention is directed to a method for detecting a level of 
free leptin in a sample from an individual, comprising contacting the sample with an avian leptin 
receptor binding domain of SEQ ID NO:8 for a time sufficient to allow binding between the free 
leptin and the leptin receptor binding domain to form a bound complex, wherein said receptor 
binding domain is bound to a solid phase; washing the solid phase with a first wash buffer, 
contacting the solid phase with an antibody having binding specificity to leptin, wherein said 
antibody is coupled with a detectable label; washing the solid phase with a second wash buffer, 
and detecting said label remaining with said solid phase, thus detecting the level of free leptin in 
the sample. Representative examples of the detectable label include a label that is radiolabeled, 
chemiluminescent, electroluminescent, fluorescent, enzyme-labeled, or bioluminescent. In a 
preferred embodiment, the solid phase is a micro-titre well plate. In one aspect of the present 
invention, the avian leptin receptor binding domain is chicken leptin receptor binding domain. In 
yet another aspect, the individual is a mammal, wherein said mammal may possibly be human, 
rat, mouse, ovine, porcine, or bovine. In one embodiment, the sample is a human serum or 
plasma sample. In another embodiment, the individual has a condition or a disease related to the 
level of free leptin in the sample. 

Another preferred embodiment of the present invention is directed to a kit for an assay of 
a level of free leptin in a sample from an individual, comprising an avian leptin receptor binding 
domain comprising SEQ ID No. 8, wherein said domain is bound to a solid phase; an antibody 
having binding specificity for leptin; and a detectable label coupled with the antibody, wherein 
the free leptin in the sample binds to the avian leptin receptor binding domain and the antibody 
binds to the free leptin, thus allowing specific detection of the free leptin in the sample. Another 
aspect provides that the avian leptin receptor binding domain is chicken leptin receptor binding 
domain. In another aspect, the individual is a mammal; representative examples include 
mammals that are human, rat, mouse, ovine, porcine, or bovine. Other aspects include a sample 
that is a human serum or plasma sample, and wherein the solid phase is a micro-titre well plate. 
The detectable label may be radiolabeled, chemiluminescent, electroluminescent, fluorescent, 
enzyme-labeled, or bioluminescent 

Another embodiment of the present invention provides a method of assaying a test 
compound for agonist or antagonist activity for an avian leptin receptor binding domain-leptin 



10 



complex, comprising a) measuring a level of interaction between the avian leptin receptor 
binding domain and the mammalian leptin in the absence of the test compound; and b) 
measuring a level of interaction between the avian leptin receptor binding domain and the 
mammalian leptin in the presence of the test compound, 

wherein when the level measured in step b) is greater than the level in step a), the test compound 
has agonist activity, and wherein when the level measured in step b) is less than the level in step 
a), the test compound has antagonist activity. 

The present invention provides recombinant leptin receptor binding domains for use in 
the elucidation of leptin-leptin receptor interactions, for screening assays, and for diagnostic 
assays. A recombinant -200 amino acid fragment of the ECD of human and chicken leptin 
receptors were shown to possess the ability to bind human, ovine and chicken leptins and to form 
stable 1 : 1 complexes. 

The chicken leptin receptor binding domain exclusively binds to free leptin even when it 
is in the presence in a mixture of free-leptin and bound leptin (such as in an in vivo condition) 
because of the exclusive specificity to the binding domain of leptin. 

Generally, a protein such as an polyclonal or monoclonal antibody or a binding domain 
of leptin receptor may be labeled with a detectable substance and the protein detected or 
localized based upon the presence of the detectable substance. Examples of detectable 
substances include, but are not limited to, radioisotopes (e.g., .sup.3H, .sup.l4C, .sup.35S, 
.sup. 1251, .sup. 13 II), fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors), 
luminescent labels such as luminol; enzymatic labels (e.g., horseradish peroxidase, beta- 
galactosidase, luciferase, alkaline phosphatase, acetylcholinesterase), biotinyl groups (which can 
be detected by marked avidin e.g., streptavidin containing a fluorescent marker or enzymatic 
activity that can be detected by optical or calorimetric methods), predetermined polypeptide 
epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences, binding sites for 
secondary antibodies, metal binding domains, epitope tags). In some embodiments, labels may 
be attached via spacer arms of various lengths to reduce potential steric hindrance. Proteins may 
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also be coupled to electron dense substances, such as ferritin or colloidal gold, which are readily 
visualised by electron microscopy. 

Indirect methods may be employed in which a primary antigen-antibody reaction is 
amplified by the introduction of a second antibody, having specificity for the antibody reactive 
against the primary antigen. For example, if an antibody having specificity against a binding 
domain is a rabbit IgG antibody, the second antibody may be goat anti-rabbit gammaglobulin 
labeled with a detectable substance as described herein. 

Where a radioactive label is used as a detectable substance, the protein is localized by 
radioautography. The results of radioautography may be quantitated by determining the density 
of particles in the radioautographs by various optical methods, or by counting the grains. 

For certain assays of the present invention, the leptin receptor binding domain may be 
attached to a solid support. By "solid support" is meant a non-aqueous matrix to which the 
domain protein of the present invention can adhere. Examples of solid supports include those 
formed partially or entirely of glass (e.g., controlled pore glass), polysaccharides (e.g., agarose), 
polyacrylamides, polystyrene, polyvinyl alcohol or silicones. The solid phase may comprise the 
well of an assay plate or a purification column, for example. 

By an "antagonist" of leptin-binding domain interaction is meant an agent having 
inhibitory activity for the binding of leptin and a leptin receptor binding domain. The binding 
may be inhibited by an effect on the interaction between leptin and binding domain, or by an 
effect on leptin or binding domain that affects the interaction between leptin and binding domain. 

By an "agonist" of leptin-binding domain interaction is meant an agent having enhancing 
or stimulatory activity for the binding of the leptin-binding domain complex. The binding may 
be stimulated by an effect on the interaction between leptin and binding domain or by an effect 
on leptin or binding domain that affects the interaction between leptin and binding domain. 
Identification of an antagonist or an agonist is made by allowing leptin and binding domain to 
interact in the presence of a test agent. A decrease or increase in leptin-binding domain 
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interaction relative to the interaction when the test agent is absent indicates that the test agent has 
an effect on the binding interaction. 

In leptin-binding domain protein compositions of the present invention, conservative 
amino acid substitutions, such as Glu/Asp, Val/Ile, Ser/Thr, Arg/Lys and Gln/Asn, would be 
considered equivalent since the chemical similarity of these pairs of amino acid residues would 
be expected to result in functional equivalency. Amino acid substitutions that conserve the 
biological function of the leptin-binding domain would conserve such properties as 
hydrophobicity, hydrophilicity, side-chain charge, or size. Functional equivalency is determined 
by the interaction of the equivalent bound complex as compared to the native bound complex. 
Included within the scope of the invention are complexes of leptin-binding domain, derivatives, 
or analogs thereof, e.g., by glycosylation, acetylation, phosphorylation, amidation, fatty 
acylation, sulfation, derivatization by known protecting/blocking groups, proteolytic cleavage, 
linkage to an antibody molecule or other cellular ligand, or the like. 

By "free" leptin is meant leptin that is not bound to leptin-binding proteins. By "bound" 
leptin is meant leptin that is bound to one or more leptin-binding proteins, including but not 
limited to the soluble form of leptin-binding receptor. 

The following examples are given for the purpose of illustrating various embodiments of 
the invention and are not meant to limit the present invention in any fashion. 

Example 1 

Purification and Characterization of Leptin Receptor Binding Domain 

Materials- Ovine leptin (fraction SP), chicken leptin, and human leptin (hLEP) were 
prepared as described (Gertler, A. et al. (1998) FEBS Lett, 442, 137-140; Raver, N. et al (1998) 
Protein Expression Purif. 14, 403-408; Raver, N. et al; (2002) Gen. Comp. Endocrinol 126, 52- 
58); pET29a expression vector was purchased from Novogene Inc. (Madison, WI). Restriction 
enzymes used in the molecular biology experiments were from Fermentas (Vilnius, Lithuania) 
and New England Biolabs (Beverly, MA). DNA primers were ordered from Invitrogen. 
Lysozyme, urea, arginine, radioimmunoassay-grade bovine serum albumin, Triton X-100, RPMI 
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1640 medium, interleukin-3 (IL-3), isopropyl B-D-thiogalactopyranoside (IPTG), and 3-(4,5- 
dimethylmiazol-2-yl)-2,5-diphenyltetrazolium bromide (thiazolyl blue) were purchased from 
Sigma, fetal calf serum was from Biolab Co. (Jerusalem, Israel), and Superdex™75 HR 10/30 
column, Q-Sepharose, and SP-Sepharose (fast flow) were from Amersham Biosciences. A 
research-grade CM5 sensor chip, Af-hydroxysuccinimide, iV-ethyl-AT (3-dimethylaminopropyl)- 
carbodiimide hydrochloride, ethanolamine hydrochloride, and HBS-EP running buffer (10 mM 
Hepes, 150 mM NaCl, 3.4 mM EDTA, and 0.005% (v/v) surfactant P20, pH 7.4) were purchased 
from Biacore, AB (Uppsala, Sweden). All other chemicals were of analytical grade. 

Preparation of LBD Expression Plasmid- A DNA insert encoding the LBD fragment, 
consisting of amino acids 428-635 of the human leptin receptor (SEQ ID NO:l provides the 
nucleotide sequence and SEQ ID NO:2 provides the amino acid sequence), was prepared by PCR 
using the following primers: the S'-sense primer, 5'- 
GGAATTC CATATG ATTGATGTCAATATCAATATCTC-3' (SEQ ID NO:3) containing an 
Ndel restriction site (underlined) and the antisense 3'-end primer, 5'- 
CATAGG AAGCTT TCAATCCATGACAACTGTGTAGGCTGG-3' (SEQ ID NO:4) containing 
a stop codon (bold letters) followed by a HindUl site (underlined). The resulted PCR product 
was cloned into the pGEM-T vector, sequenced to ensure lack of mutations, digested with 
NdeVHindW, and subcloned into the pET29a plasmid, predigested with the same restriction 
enzymes. The expression plasmid was then transformed into BL21 cells. 

Expression, Refolding, and Purification of LBD- BL21 cells (500 ml) were grown in a 
2.5-liter flask in Terrific Broth (TB) medium at 37 °C to an A 600 of 0.9, and IPTG was then 
added to a final concentration of 1 mM. Cells were grown for an additional 4 h and then 
harvested by centrifugation at 16,000 x g for 10 min and frozen. The bacterial pellet from 3 
liters of culture was thawed on ice and resuspended in lysis buffer (10 mM Tris-HCl, 10 mM 
EDTA, pH 8) containing 0.5 mg lysozyme/ml. Inclusion bodies were then prepared as described 
previously and frozen (Gertler, A. et al. (1998) FEBS Lett. 442, 137-140). Subsequently, 
inclusion bodies obtained from 3 liters of bacterial culture were solubilized in 600 ml of 4.5 M 
urea, pH 1 1.5, in the presence of 10 mM cysteine. After 1 h of stirring at 4 °C, the solution was 
diluted with 2 vol of 0.75 M L-Arg to a final concentration of 0.5 M and stirred for an additional 
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10 min, and then the clear solution was dialyzed against 5x10 liters of 10 mM Tris-HCl, pH 9. 
The protein was then applied to a Q-Sepharose column (2.5 x 6 cm) pre-equilibrated with 10 
mM Tris-HCl, pH 9. The breakthrough fraction (which contained no LBD) was discarded, the 
absorbed protein was eluted in a stepwise manner by increasing concentrations of NaCl in the 
same buffer, and 5-ml fractions were collected. Protein concentration was determined by 
absorbance at 280 nm. 

Determination of the Amino-terminal Sequence— Automated Edman degradation 
technique was used to determine the amino-terminal protein sequence. Degradation was 
performed on an ABI Model 470A gas-phase sequencer (Foster City, CA) using the standard 
sequencing cycle. The respective phenylthiohydantoin derivatives were identified by reverse 
phase-high pressure liquid chromatography analysis, using an ABI Model 120A 
phenylthiohydantoin analyzer fitted with a Brownlee 2.1 -mm inner diameter 
phenylthiohydantoin-Cig column. 

Determination of Purity and Monomer Content- SDS-PAGE was carried out according 
to Laemmli (Laemmli, U. K. (1970) Nature 227, 680-685) in a 15% polyacrylamide gel under 
reducing and non-reducing conditions. Gels were stained with Coomassie Brilliant Blue R. Gel 
filtration chromatography was performed on a Superdex™75 HR 10/30 column with 0.2-mJ 
aliquots of the Q-Sepharose column-eluted fractions using 25 mM TN buffer (Tris-HCl buffer, 
pH 8, containing 150 mM NaCl). Freeze-dried samples were dissolved in H 2 0. 

Determination of CD Spectra and Extinction Coefficients- The CD spectra in 
millidegrees were measured with an AVIV model 62A DS circular dichroism spectrometer 
(Lakewood, NJ) using a 0.020-cm rectangular QS Hellma cuvette. The spectrometer was 
calibrated with camphorsulfonic acid. The absorption spectra were measured with an AVIV 
model 17DS UV- visible IR spectrophotometer using a 1.000-cm QS cuvette and correction for 
light scattering. Lyophilized protein was dissolved in water, dialyzed against 50 mM phosphate 
buffer, pH 7.5, for 20 h, and then centrifuged at 1 1,000 x g for 10 min. The CD measurements 
were performed at 25.0 °C as controlled by thermoelectric Peltier elements to an accuracy of 
0.1 °C. The CD spectra were measured in five repetitions resulting in an average spectrum for 



15 



each protein. Standard deviation of the average CD signal at 222 nm was in the 5% range. For 
the secondary structure determination, the CD data were expressed in degree cm 2 /dmof per mean 
residue, based on a molecular mass of 24.6 kDa calculated for the protein from the 208 amino 
acids. The protein concentration was determined by the Biuret method (Goa, J. (1953) Scand. J. 
Clin. Lab. Invest. 5, 218-222) in five repetitions at different dilutions for each protein, using 
lysozyme as a reference (A 2 $o= 0.388 at 1 mg/ml) (Pace, C. N. et al (1995) Protein Sci. 4, 241 1- 
2423). The obtained protein concentration values were applied for both extinction coefficient 
determination at 280 nm and for secondary structure determinations using CD spectra. The 
secondary structure of the protein was calculated by applying the procedure and computer 
program CONTIN developed by Provencher and Glockner (Provencher, S. W. et al (1981) 
Biochemistry 20, 33-37). The program determines a-helices, B-strands, and B-turns as 
percentage of amino acid residues involved in these ordered forms. Unordered conformation was 
determined as unity minus the sum of all elements of the secondary structure (Venyaminov, S. Y. 
et al (1996) in Circular Dichroism and the Conformational Analysis of Biomolecules (Fasman, 
G. D., ed) , pp. 69-107, Plenum Publishing Corp., New York). In the present study, for 
calculations by the CONTIN program, a set of standard CD spectra of 17 proteins (Sreerama, S. 
et al (1993) Anal. Biochem. 209, 32-44) was employed. 

Induction of Escherichia coli cells by IPTG led to the appearance of a weak band 
corresponding to LBD, which appeared as a main band in the inclusion bodies (see FIG. 1, lanes 
2 and 3). Inclusion bodies collected from IPTG-induced cells were solubilized and refolded as 
described under "Experimental Procedures." Subsequently, the LBD protein was purified by 
one-step ion-exchange chromatography on a Q-Sepharose column. Every fifth fraction was 
tested for LBD appearance by gel filtration on a Superdex™75 HR column. Three fractions 
containing LBD protein, eluted, respectively, with 100, 125, and 150 mM NaCl from the Q- 
Sepharose column, were collected and pooled (underlined in FIG. 2). Each of those pools was 
analyzed by gel filtration on a Superdex™75 HR column. Only the fraction eluted with 100 mM 
contained over 95% monomelic protein and 5% dimers, whereas fractions eluted with higher 
NaCl concentrations contained higher amounts of dimmers and oligomers. These results were 
also verified by SDS-PAGE, showing that only the first fraction contained monomeric LBD 
under both reducing and non-reducing conditions (FIG. 1, lanes 4 and 8) with an approximate 
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molecular mass of 25 kDa, close to the predicted value of 24,616 Da, calculated for Met-LBD. 
Pools eluted at 125 and 150 mM contained a mixture of monomers and dimers, the latter formed 
by S-S links (see FIG. 2, lanes 5 and 6 versus lanes 9 and 70). The yield of the monomelic 
fraction (100 mM NaCl eluate) was 4 mg from 3 liters of bacterial culture. The amino-terminal 
sequence of the purified LBD was (Met)-Ala-Ile-Asp-Val-Asn-Ile-Asn-Ile-Ser-Xaa-Glu (SEQ ID 
NO:5), as predicted from the primary structure (Haniu, M. et al. (1998) J. Biol Chem. 273, 
28691-28699), with an additional Met residue. The unidentified amino acid at position 10 is 
most likely Cys, which could not be identified by the present method. The results of the CD 
analysis are presented in FIG. 3. The secondary structure calculations revealed the contents of a- 
helices, B-strands, B-turns, and unordered forms to be (mean ± S.D.) 6.6 ± 0.4, 37 ± 1 .2, 25 ± 1 .0, 
and 31 ± 1.6%, respectively, indicating strong similarity to the structure observed in the ECDs of 
hGH, human prolactin, and rat prolactin receptors (De Vos, A. M. et al (1992) Science 255, 306- 
312; Somers, W. et al (1994) Nature 372, 478-481; Elkins, P. A. et al (2000) Nat. Struct. Biol. 7, 
808-815). The specific absorbance of the protein (1 mg/ml at A 2 %d) was 1.95, calculated 
according to Perkins (Perkins, S. J. (1986) Eur. J. Biochem. 157, 169-180), and this value was 
used in the calculations in other experiments. LBD lyophilized in the presence of excess 
NaHC03 retained its monomeric form, and after solubilization (at 0.5 mg/ml), no dimerization or 
oligomerization was observed in a solution kept at 4 °C for several days. 

Example 2 
Determination of Complex Stoichiometry 

Complexes between LBD and hLEP were prepared at various molar ratios in TN buffer. 
After a 20- to 30-min incubation at room temperature, 200-ul aliquots were applied to a 
Superdex™75 HR 10/30 column. To determine the molecular mass of the complex, the column 
was calibrated with several pure proteins. 

Binding Assays- Radiolabeled human 125 I-leptin served as a ligand, and other (human, 
ovine, and chicken) nonlabeled leptins served as competitors. The experiments were conducted 
using either recombinant LBD or homogenates of BAF/3 cells stably transfected with the long 
form of hLEP receptor. In the latter case, the cells were cultured in Dulbecco's modified Eagle's 
medium supplemented with 5% fetal calf serum in the presence of IL-3 to minimize . leptin- 
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receptor down- regulation until a concentration of 10 cells/ml was reached. Then the cells were 
spun and stored at -70 °C. Prior to each experiment, the cells were thawed, suspended at 10 6 
cells/150 pi of reaction buffer (12.5 mM sodium barbiturate, pH 8.6, buffer containing 0.1% 
(w/v) bovine serum albumin, 7.5 mM EDTA, 150 mM NaCl, and 0.1% (w/v) Triton X-100), and 
homogenized with a Polytron for 30 s at 10,000 rpm on ice. Each tube contained 150 or 200 pi 
of reaction buffer in the case of the assay with the cells or recombinant LBD, respectively, 100 pi 
of ,25 I-hLEP (100,000 cpm for cells or 180,000 cpm for binding domain assays), and 100 pi of 
different leptin solutions (providing 0-5000 ng/tube) in the reaction buffer, and the reaction was 
started by addition of 150 pi of cell homogenate or 100 pi of LBD (20 ng). The tubes were 
incubated for 24 h at room temperature. Then the leptin- receptor complex was precipitated by 
adding 250 pi of 1% (w/v) bovine immunoglobulin and 500 pi of 20% (w/v) polyethylene 
glycol. After thorough mixing, the tubes were incubated for 20 min at 4 °C and centrifuged at 
12,000 x g for 15 min at 4 °C. Then supernatant was carefully aspirated, and the precipitates 
were counted in a Kontron ?-counter. Human leptin was iodinated according to a protocol 
described previously for the iodination of human growth hormone (hGH) (Gertler, A. et al (1984) 
Mol Cell Endocrinol 34, 51-57). 

Kinetic Measurements of LBD-hLEP Interactions- All experiments were performed at 25 
°C using surface plasmon resonance (SPR) methodology. The kinetics and equilibrium constants 
for the interaction between hLEP and LBD were determined using the Biacore 3000 system 
(Uppsala, Sweden). hLEP was immobilized in a flow cell of a research-grade CM5 sensor chip 
using amine-coupling chemistry (Lofas, S. et al (1990) J. Chem. Soc. Chem. Commun. 21, 1526- 
1528). The immobilization steps were carried out at a flow rate of 10 pl/min in HBS-EP buffer. 
The surface was activated for 7 min with a mixture of N-hydroxysuccinimide (0.05 M) and N~ 
ethyl-TV 1 (3-dimethylaminopropyl)-carbodiimide hydrochloride (0.2 M). hLEP was injected at a 
concentration of 50 pg/ml in 10 mM acetate, pH 3.5, until the desired level (1000 resonance 
units) was achieved. Ethanolamine (1 M, pH 8.5) was injected for 7 min to block the remaining 
activated groups. A control surface was prepared by activating the carboxyl groups and then 
blocking the activated groups by ethanolamine as described. For the binding studies, the LBD, 
resuspended in HBS-EP buffer, was passed at different concentrations (31.25, 62.5, 125, and 250 
nM) through both flow cells at a rate of 30 pl/min. Regeneration of the surface after each 



18 



interaction was performed by using a 10-ul pulse of 10 mM glycine buffer, pH 2. The 
experiment was done using the kinetics Wizard of the Biacore control software, which corrects 
automatically for refractive index changes and nonspecific binding by subtraction of the 
responses obtained for the control surface from the data obtained for the interaction with hLEP. 
The obtained binding curves were fitted to the association and dissociation phases at all leptin 
receptor concentrations simultaneously using evaluation software from Biacore. The best fit was 
obtained for a simple bimolecular interaction (Langmuir model). 

Detection of LBDhLEP Complex by Gel Filtration— The experiment was performed 
using either a constant concentration of hLEP and increasing concentrations of LBD or vice 
versa. As shown in FIG. 4, both components added alone were eluted from the column as 
monomers at the respective RTs of 15.45 and 13.93 min. Their molecular masses calculated 
from the standard curve were 15.3 and 24.8 kDa, respectively, close to the predicted theoretical 
values. Mixing the two components in a 1:1 molar ratio resulted in a new single peak with an 
RT corresponding to molecular mass of 39.9 kDa, indicating 1:1 complex formation. Changing 
the molar ratio by adding excess hLEP or LBD did not change the RT of this peak, further 
proving that under the present experimental conditions, formation of LBD hLEP complexes at a 
2:1 molar ratio cannot be detected. 

Binding Experiments- To evaluate whether the binding properties of LBD are similar to 
those of the full-size membrane-embedded leptin receptor, the binding of radio- iodinated hLEP 
was compared to the purified LBD and to a homogenate of BAF/3 cells stably transfected with 
the long form of human leptin receptor. In addition to hLEP, ovine and chicken leptins were also 
employed to displace the radioactive ligand. Results shown in FIG. 5 highlight two differences: 
(i) the K d for binding of hLEP to LBD was 7-fold higher than to the BAF/3 homogenate (5.91 ± 
1.10 versus 0.83 ±0.14 nM, mean ± S.E.), and (ii) chicken leptin could displace binding of help 
to BAF/3 homogenate (though its capacity was ~ 20-fold lower than that of hLEP) but not to 
LBD. In contrast, the differences between human and ovine leptins were minimal. 

SPR Determination of the Interaction between hLEP and LBD- The interactions of hLEP 
and LBD were analyzed by comparison with a theoretical model using Chi-square analysis. In 
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all cases, the interactions proved to be best suited to the 1:1 model. Analysis of the data 
presented in FIG. 6 resulted in a koft constant (mean ± S.E.) of 1.85 ± 0.30 * 10" 3 s"\ indicating a 
complex half-life of 6.24 min. The *on calculated by averaging the results obtained at five 
concentrations of LBD was 1.2 ± 0.30 * 10 5 mol" 1 s" 1 and the corresponding Kj value was 
calculated as 1.54 * 10' 8 M. 

Example 3 
Proliferation Assay 

BAF/3 Proliferation Assay- The proliferation rate of leptin-sensitive BAF/3 1442-CI4 
cells stably transfected with the long form of human leptin receptor was used to estimate self- 
and antagonistic activity of recombinant LBD, using the thiazolyl blue method as described 
(Raver, N. et al (2000) Protein Expression Purif. 19, 30-40). To determine antagonistic activity 
of LBD, human, ovine, or chicken leptin were added to each well (to a final concentration of 0.57 
nM) with various concentrations of recombinant LBD. The average absorbance in wells with 
wild-type leptins after subtraction of the negative control was used as a positive control to 
calculate percent inhibition caused by LBD. 

Inhibition of Human, Ovine, and Chicken Leptin-induced Proliferation of BAF/3 Cells by 
LBD- BAF/3 cells stably transfected with the long form of human leptin receptor (Verploegen, 
S. A. B. W. et al (1997) FEBS Lett. 405, 237-240) were chosen to test this activity, because 
proliferation of those cells can be stimulated by both leptin from various sources (Gertler, A. et 
al. (1998) FEBS Lett. 442, 137-140; Raver, N. et al (1998) Protein Expression Purif 14, 403- 
408; Raver, N. et al (2000) Protein Expression Purif 19, 30-40) and by EL-3 (Verploegen, S. A. 
B. W. et al (1997) FEBS Lett. 405, 237-240) and by IL-3. LBD inhibited the proliferation of 
BAF/3 cells stimulated, respectively, by human, ovine, and chicken leptins in a dose-dependent 
pattern, but the molar excess required to achieve 50% inhibition in cells stimulated by human, 
ovine, or chicken leptins was rather large, namely 200, 200, and 600 molar excess, respectively 
(FIG. 7). The inhibitory effect was, however, very specific, as no inhibition was observed in 
cells stimulated by IL-3 even at a 10 5 molar excess of LBD. 
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In summary, human LBD in low concentrations (nM) blocked leptin induced, but not 
interleukin-3-induced proliferation of BAF/3 cells stably transfected with the long form of 
human leptin receptor, in dose dependent manner, while in high concentrations of LBDs, they 
were able to induce proliferation by themselves. 

Example 4 

Comparison of Kd values for interaction of human leptin with human leptin receptors 

The results herein demonstrate production of recombinant LBD, a 208-amino acid 
fragment of the ECD of human leptin receptor (corresponding to residues 428 to 635 of the full- 
size WT receptor), which has the ability to bind human and other leptins. A scale-up of its 
production will enable an increase in yield and the production of material for both structural and 
in vivo studies. The electrophoretically pure monomelic protein was capable of forming a stable 
1 : 1 complex with hLEP. The present studies answer the two questions regarding whether LBD 
binds leptin at an affinity similar to that of the full-size leptin receptor ECD, and whether the 
affinities of the soluble and membrane-embedded leptin receptors are comparable. Several 
binding experiments using either classical methods or SPR with pure recombinant LBD and 
membrane-embedded leptin receptor in BAF/3 cells stably transfected with this protein were 
performed. The results are compiled in Table 1 and compared with results reported by others. 



Table 1 



Comparison of Kd values for interaction of human leptin with human leptin receptors 


Leptin receptor 


K</or 1C 50 
nM 


Method 


Reference 


WT in BAF/3 cell homogenate 


0.83 


Binding 


Present examples 


WT in BAF/3 cell homogenate 


1.03* 


Binding 


Present examples 


LBD 


5.93 


Binding 


Present examples 


LBD 


15.3 


SPR 


Present examples 


LBD 


7.6° 


Binding 


Present examples 


| WT in COS cells 


0.6* 


Binding 


Fong, T.M.etal(1998) 
Mo I Pharmacol 53, 
234-240 


Minimal BD in COS cells* 


1.3* 


Binding 


Fong, T. M. et al (1998) 
MoL Pharmacol 53, 
234-240 
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WT in C0S7 cells 


~0.2 fl 


Binding 


Liu, C. etal(1997) 
Endocrinology 138, 
3548-3554 


ECD secreted by C0S7 cells c 




Binding 


Liu, C. et al (1997) 
Endocrinology 138, 
3548-3554 


WT C0S7 cells 


0.9 


Binding 


Luoh, S. M.etal(1997) 
J. MoL Endocrinol 18, 
77-85 


hCD secreted by M9 cells 


9.5 


SPR 


Rock, F. L. et al (1996) 
Horm. Metab. Res. 28, 
748-750 


ECD in human serum 


0.42 


Binding 


Wu, Z. et al (2002) J. 

Clin. Endocrinol 
Metab. 87, 2931-2939 



a IC50 values. 

6 The minimal binding domain (BD) consisting of Ieptin BD (LBD) with upstream immunoglobulin 
domain anchored in COS cells. 

c Full-size extracellular domain (ECD) engineered to be secreted. 

d Partially purified His6 and FLAG-tagged ECD prepared in Sf9 cells using baculo virus expression 
system. 

To answer the first question, comparison of the binding of LBD to full-size leptin 
receptor ECD (Rock, F. L. et al (1996) Horm. Metab. Res. 28, 748-750) is readily made, because 
both studies were conducted by a similar method, SPR. This comparison shows that the 
affinities are quite similar (15.3 versus 9.5 nM) and suggests that other parts of the ECD beyond 
the LBD region play only a minor, if any, role in binding of the hormone. This conclusion is 
also supported by others (Fong, T. M. et al (1998) Mol. Pharmacol 53, 234-240) who have 
shown a rather minor difference (0.6 versus 1.3 nM) in the affinity of the WT receptor as 
compared with the minimal binding domain that consists of the LBD region flanked by the 
upstream 100-amino acid long immunoglobulin domain. In contrast, other data (Liu, C. et al. 
(1997) Endocrinology 138, 3548-3554) are not consistent with this conclusion, as the IC50 for 
LBD is 38-fold higher than that of the full-size ECD. However, this comparison should be made 
with caution, because the methodology applied during the precipitation step in the binding 
experiments, in particular in those studying the interaction of soluble proteins, may affect the 
experimental results. Most of the results also suggested that the affinity of the membrane- 
embedded receptors is higher than that of the soluble domain. This is similar to an analogous 
situation existing with several prolactin receptors (Sandowski, Y. et al (1995) Mol. Cell 
Endocrinol 1 15, 1-1 1; Tchelet, A. et al (1995) J. Endocrinol. 144, 393-403; Sandowski, Y. et al 
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(2000) Gen. Comp. Endocrinol. 118, 302-309), with the exception of rabbit prolactin receptor 
ECD (Bignon, C. et al (1994) J. Biol. Chem. 269, 3318-3324). Again, this conclusion has to be 
approached with caution, because as already stated, the methodology applied during the 
precipitation step may affect the results. 

To better understand the LBD-hLEP interaction, a model of the 1:1 complex based on the 
known three-dimensional x-ray structures of the cytokine-binding region of gp-130 and the hGH 
receptor-ECD (PDB accession codes 1BQU and 1AXI, respectively) was built. Based on the 
sequence alignments of these proteins with that of LBD, amino acid mutations, insertions, and 
deletions were applied by using the graphic program O (Jones, T. A. et al (1991) Acta 
Crystallogr. Sect. A 47, 110-119). The modeled LBD structure and the known three- 
dimensional structure of hLEP (PDB accession code 1AX8 (Zhang, F. et al (1997) Nature 387, 
206-209) were used to construct the 1:1 LBDhLEP complex. The 1:1 model was then 
minimized via CNS software (Briinger, A. T. et al (1998) Acta Crystallogr. Sect. D Biol. 
Crystallogr. 54, 905-921). The resulting model was then utilized to assess plausible amino acid 
residues that may either enhance or reduce binding to the leptin hormone, and the final model is 
presented in FIG. 8. 

The ligand-binding determinants of cytokine receptor ECDs consist of six segments 
denoted L1-L6 (De Vos, A. M. et al (1992) Science 255, 306-312; Livnah, O. et al (1996) 
Science 273, 464-471). These segments are positioned in three loop regions, L1-L3 situated in 
the amino-terminal domain, L4 in the interdomain linker, and L5 and L6 in two main loops, 
located in the carboxyl-terminal domain. Previous structural and mutational research with the 
hGH and hGH receptor ECD system has indicated that the binding epitope consists of many 
interacting residues, some of which are crucial for ligand binding (Clackson, T. et al (1995) 
Science 267, 383-386). One of these residues is Phe-500, located in loop L3, where an aromatic 
residue is conserved throughout the sequences of the cytokine receptor superfamily. An 
additional residue that may have an impact on leptin binding is Tyr-441, located in LI (FIG. 8). 
Results obtained by the present inventors indicate that mutation of Phe to Ala abolished leptin 
binding capacity and mutation of Tyr to Ala reduced leptin binding capacity. The WS motif 
consisting of residues WSXaaWS (622-626) (SEQ ID NO:6) in the LBD, and regarded as a 
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signature sequence of the cytokine receptor superfamily (Baumgartner, J. W. et al (1994) J. Biol. 
Chem. 269, 29094-29101), is located toward the last strand (B-G) of the carboxyl-terminal 
domain (D2). An additional Trp (Trp-583) extends the WS motif into the LBD. Two arginine 
residues (Arg-612 and Arg-573) are sandwiched between each tryptophan pair to form an 
extended p-cation system. 

Although the affinity of LBD toward hLEP is somewhat lower than that of the full- 
length, membrane-embedded receptor-soluble system could be useful as a model for mapping of 
the binding epitope of both receptor and hormone. A short fragment of the receptor with high 
affinity binding capabilities to the hormone provides a higher potential system for crystallization 
and subsequent structural studies. Furthermore, extensive mutagenesis and subsequent binding 
assays would identify the crucial amino acid residues in the binding sites and may provide a 
platform for the design of small molecules and/or peptidic high affinity binders of leptin 
receptor. 

Example 5 
Chicken Leptin Binding Domain (chLBD) 

The present inventors have prepared LBD from chicken receptor from DNA provided by 
Dr. Miri Einat (Agricultural Research Organization, the Volcani Center, P.O. Box 6, 50250 Beit 
Dagan, Israel) and characterized binding and functional properties thereof. Such properties were 
compared between the recombinant human (amino acids 428 to 635) and chicken (amino acids 
419 to 624) leptin receptor-binding domains (LBD). Primers used for cloning the chicken 
receptor binding domain were designed based on the sequence of the human receptor binding 
domain and the known sequence of the complete chicken receptor gene. The amino acid 
sequence of the chicken leptin receptor binding domain is provided at SEQ ID NO: 8 and the 
nucleotide sequence that encodes the chLBD is provided at SEQ ID NO: 7. The LBDs were 
subcloned, expressed in prokaryotic host, refolded and purified as at least 95% monomers, 
revealed by SDS-PAGE and gel filtration under non denaturative conditions. Ten to twenty 
milligram preparations of the chicken lepin receptor binding domain are readily prepared. 
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Both LBDs were able to bind human, ovine and chicken leptins (the latter produced 
according to the sequence published by Taouis et al Gene 1998 Feb 27;208(2):239-42) and 
formed with all of them stable 1:1 complexes. The binding kinetic constants for the complex 
formation with human and ovine leptins were measured by surface plasmon resonance 
methodology with the strongest interaction occurring between hLBD and hLeptin and the 
weakest interaction between chLBD and chLeptin as shown in Table 2. 

Table 2. The kinetic constants measured by surface plasmon resonance for complex formation of human 
and chicken leptin-binding domains (LBD) with either human or chicken leptin. 



LBD 


Ligand 


k on a 9 mol'V 1 


h " c" 1 
*off » s 


mol 


Human 


Human leptin 


1.20 ±0.23 x I0 5 


1.85 ± 0.30 x 10" 3 


1.54 x 10' 8 




Chicken leptin 


1.35 x 10 4 


5.20 x 10" 3 


3.80 x 10' 7 


Chicken 


Human leptin 


1.83 ± 0.95 x 10 5 


1.43 ± 0.34 x 10* 2 


7.85 x lO -8 




Chicken leptin 


5.83 ± 1.53 xlO 4 


7.60 ± 1.2 x 10* 2 


1.30 x 10* 6 



a - mean ± S.E. 



The data clearly show the ability of chicken leptin receptor binding domain to bind to 
human leptin. 

Incubation of LBD with leptin effected a unique single peak with a RT corresponding to 
a 1:1 complex formation (FIG. 4 and 9). Altering the LBD-leptin molar ratio with excess LBD or 
leptin did not alter the RT of the complex. ChLeptin was unable to displace 1251-hLeptin bound 
to either hLBD or chLBD (FIG. 5 and FIG 10). The inhibition of BAF/3 cell proliferation by 
hLBD was the lowest when cells were induced by the chLeptin (FIG. 7). The potency of both the 
human and ovine leptins employed in these studies was equal whether they were reacted with 
human or chLBD. 

Example 6 

ChLBD as Solid Phase Ligand in Immunoassay for Free Leptin 

Leptin is present in blood and other biological fluids in two molecular forms, one as free 
leptin and another as bound to its soluble receptor. The soluble receptor is the extracellular 
domain of leptin receptor, which is cleaved off and circulates in blood, and is often referred to as 
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leptin binding protein. There are also other molecules that are known to bind to leptin, but the 
soluble receptor is the most abundantly bound molecular component. Commercially available 
immunoassays of leptin measurements address total leptin that constitute both free and bound, 
and as such, an assay that could measure exclusively free leptin is sought to monitor free leptin 
levels under different pathophysiological conditions. Such an assay has an immense value in the 
measurement of stoichiometric ratios of leptin to its circulating soluble receptor under different 
physiological conditions. 

Current commercial assays fail to adequately answer the issue of free leptin 
measurements as the ligand used as capture (either an affinity purified antibody or antiserum) is 
targeted to both free and bound leptin. The chLBD is provided herein as a specific ligand for the 
solid phase by virtue of its binding (more so to human-leptin as observed in the in vitro 
experiments using recombinant materials) to detect free leptin in a mixture of free and bound 
leptin, which is the in vivo condition. Initial experiments are done by using rec-human leptin to 
establish standard curves. 

In a two-site immunoassay, ch-LBD has been coated on a plate at neutral pH, and at high 
pH; rec-human leptin is added, washed, and a second antibody of human-leptin, labeled with 
HRPO is added. After wash, the bound leptin is measured colorometrically with HRPO-TMB 
reaction. 

In a competitive immunoassay, ch-LBD is coated on a solid phase, and a mixture of 
unlabeled and labeled (HRPO or biotin) human-leptin is added. After incubation and washes, the 
displacement is measured colorometrically (addition of TMB in case of HRPO-labeled- leptin, or 
streptavidine-HRPO, then TMB in case of biotinylated leptin). Standard curves are obtained 
with rec-human leptin. Typical test samples are human serum or plasma samples. 

Example 7 
Random serum samples 
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Random serum samples were obtained from the clinical laboratories from Hospitals in 
Toronto, Ontario, Canada. The samples were residuals from routine clinical test samples and 
were from an adult population (aged 18-72). Upon collection, blood samples were allowed to 
clot, separated and, after clinical testing, the residuals were stored at -20 °C and used for these 
studies within 1 week after collection. 

Example 8 
Materials and reagents 

All materials and reagents were of highest quality obtained as previously described (29, 
30). Tetramethylbenzidine (TMB) peroxidase substrate system was from Neogen Corporation, 
Lexington, KY. Horseradish peroxidase (HRPO) was purchased form Scripps Laboratories (San 
Diego, CA). Microtitration strips and frames were products of Costar, Cambridge, MA. 

Recombinant human leptin, normal goat serum (NGS), normal equine serum (NES), new 
born calf serum (NBCS), and commercially available human serum were from Diagnostic 
Systems Laboratories (Webster, TX). All sera were heat inactivated and contained 5 mL/L 
Proclin 300. The composition of the coating and blocking buffers as well as the wash solution 
were as described previously (29, 30). 

Example 9 
Chicken Leptin Binding Domain (CLBD) 

Recombinant chicken leptin binding protein domain (CLBD) was a product of Diagnostic 
Systems Laboratories (Webster, TX). 

Example 10 
Leptin Antibodies 

Four mouse monoclonal antibodies and a goat polyclonal antibody evaluated in this 
report were produced, characterised and purified by DSL (Webster, TX). The monoclonal and 
polyclonal antibodies have been previously screened for leptin specificity. The method for 
preparation of monoclonal as well as polyclonal antibodies is now well established [Harlow E. et 
al., 1988 Antibodies. New York, Cold Spring Harbour Laboratory]. As would be appreciated, the 
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antibodies used in the present invention may be monoclonal or polyclonal in nature. Antibodies 
may be raised against recombinant human leptin or leptin/leptin-binding protein complex 
purified from human sera. Polyclonal antibodies could be raised in various species including but 
not limited to mouse, rat, rabbit, goat, sheep, donkey, horse, using standard immunization and 
bleeding procedures. Animal bleeds with high titres may be fractionated by routine selective salt- 
out procedures such as precipitation with ammonium sulfate and specific immunoglobulin 
fraction separated by successive affinity chromatography on Protein-A-Sepharose and leptin- 
Sepharose columns according to standard methods. The purified polyclonal as well as 
monoclonal antibodies must be then characterised for specificity and lack of cross-reactivity with 
related molecules as much as possible. This could be easily performed by standard methods 
using labelled leptin (e.g., with radioisotopes or biotin) as tracer in competition with increasing 
levels of unlabeled potential cross-reactants for antibody binding. In some cases, further 
purification may be required to obtain highly specific antibody fraction or for selection of higher 
affinity antibody fraction from a polyclonal pool. In the case of monoclonal antibodies, care 
should be taken to select antibodies with good binding characteristic and specificity not only for 
the immunogen, but also for the native circulating molecules, particularly when recombinant 
molecule or peptide antigen are used for immunization. Antibodies demonstrating unacceptable 
yield, abnormal or highly differential response against immunogen vs native molecule should be 
rejected. Cross-reactivity studies may be further evaluated by other standard methods such as the 
well-established SDS-PAGE and Western immunoblot methods under reducing and non- 
reducing conditions. Evaluation of leptin immunoreactivity detected in serum samples 
fractionated by high performance liquid chromatography (HPLC) could be also used to roughly 
define the molecular weight profile of the immunoreactivity detected (22, 26). 

Monoclonal antibodies may be prepared according to the well established standard 
laboratory procedures "Practice and Theory of Enzyme Immunoassays" by P. Tijssen (In 
Laboratory Techniques in Biochemistry and Molecular Biology, Eds: R.H. Burdon and P.H. van 
Kinppenberg; Elisevier Publishers Biomedical Division, 1985), which are based on the original 
technique of Kohler and Milstein (Kohler G., Milstein C. Nature 256:495, 1975). This is usually 
performed by removing spleen cells from immunized animals and immortalizing the antibody 
producing cells by fusion with myeloma cells or by Epstein-Barr virus transformation, and then 
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screening for clones expressing the desired antibody, although other techniques may be also 
used. 

Example 11 
Procedures for antibody coating to microwells 

Procedures for antibody (500 ng/100 uL/well) coating to microwells were as previously 
described (29-31). The same procedure was also used for CLBD coating to microwell, except 
that the effect of coating concentration and volume as well as using coating buffer pH in the 2.6 
to 9.1 range were examined. The coating buffers with pH in the 2.6 to 6.5 range were made by 
titrating 0.1 M citric acid with 0.2 M dibasic sodium phosphate. Coating buffers pH 6.5, pH 8.5 
and pH 9.1 were based on 0.2 M sodium phosphate, 0.05 M sodium borate, or 0.1 M sodium 
carbonate, respectively. Procedures for antibody conjugation to biotin or HRPO have been also 
described (29-3 1). Conjugation of CLBD to biotin was performed in a similar manner using 50 
and 100 excess molar ratios of EZ-link sulfo-NHS-LC-LC biotin (Pierce, Rockford, IL). 
Standards were prepared by appropriately diluting recombinant human leptin into various 
standard matrixes at the desired concentration levels (ng/ml). The standard matrixes evaluated 
were normal goat serum, normal equine serum, normal goat serum and buffer-based standard 
matrix. The latter included diluent #1 [(50 mM Sodium Phosphate, pH 7.4 containing, 0.005 M 
sodium EDTA, and 1 g bovine serum albumin (BSA), 9 g NaCl, 1 mL Trasylol, and 2.5 mL 
Proclin-300 per litre] and diluent # 2 (similar to diluent 1, but containing 20 g BSA per litre) and 
their modifications. Because of the presence of leptin binding protein in the various sera, the 
assay response to leptin standards made in the standard matrix buffer containing 0% serum, 25% 
serum, 50% serum vs 100% serum matrix was also evaluated. 

Example 12 
Potential effect of assay buffer 

In addition to the above parameters, the potential effect of the assay buffer formulations 
on binding response were also examined. Among the initial set of buffers, the followings were 
selected for further evaluations. 
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Buffer A. Fifty mM Trisma Maleate, pH 7.0, containing 0.001 M EDTA and 9 g NaCl, 5 g BSA, 
0.5 mL Tween-20, and 2.5 mL Proclin-300 per litre. 

Buffer B. Fifty mM Sodium Borate, pH 8.5, containing 9 g NaCl, 5g BSA, 0.5 mL Tween-20, 
and 2.5 mL Proclin-300 per litre. 

Example 13 
Assay development 

For assay development, the anti-leptin antibodies were purified using standard antibody 
purification schemes. Both monoclonal and polyclonal antibodies were purified by affinity 
chromatography over Protein- A columns and if necessary, by affinity chromatography over a gel 
column containing immobilized leptin. To evaluate the impact of assay design on performance, 
both one-step (simultaneous incubation of sample plus detection antibody or CLBD-biotin 
tracer) and two-step (sequential incubation of sample and the detection antibody or CLBD-biotin 
tracer) configurations were assessed. Based on such experimentation, assay designs involving 
solid-phase capture receptor and liquid-phase detection antibody appeared more promising. The 
capture receptor, in this case CLBD, may be linked to various supports by the standard non- 
covalent or even covalent binding methods, depending on the analytical as well as clinical 
requirements of the assay. The solid-support might be in forms of test tubes, beads, 
microparticles, filter paper, membranes, glass filter, magnetic particles, silicon chip, or materials 
and approaches known to those skilled in the art. The use of microparticles, particularly 
magnetizable particles that have been directly coated with the receptor (magnetic particles- 
capture receptor) or particles that have been labelled with a universal binder (e.g., avidin or anti- 
receptor antibody) are ideal for significantly shortening the assay incubation time. This along 
with other alternative approaches known to others may allow for assay completion within 
minutes without limiting the required sensitivity of the assay. The use of magnetizable particles 
or similar approaches would also allow for convenient automation of the technology on the 
widely available immunoanalyzers. Obviously, the assay sensitivity could be improved by using 
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other immunoassay detection systems, including but not limited to luminometric, electrometric, 
and their various, modifications, and combinations. 

The antibody used for leptin detection may be either directly labelled to a reported 
molecule, or detected indirectly by a secondary detection system. The latter may be based on 
several different principles, including antibody recognition by a labelled anti-species antibody or 
other forms of immunological or non-immunological bridging and signal amplification detection 
systems (e.g., the biotin-streptavidin technology). The signal amplification approach may be 
used to significantly increase the assay sensitivity and improve low levels reproducibility and 
performance. The label used for direct or indirect antibody labelling may be any detectable 
reporter molecule. Examples of suitable labels are those widely used in the field of 
immunological and non-immunological detection systems. These may include fluorophores, 
luminescents, metal complexes and radioactive labels, as well as moieties that could be detected 
by other means (e.g., electrical) or suitable reagents such as enzymes and their various 
combinations and substrates. 

The assay design may be homogeneous or heterogeneous, depending on particular 
application of the assay and the need for speed, sensitivity, accuracy and convenience. The detail 
discussion on helpful designs may be found in various immunoassay books and literatures, * 
including "Practice and Theory of Enzyme Immunoassays" by P. Tijssen (In Laboratory 
Techniques in Biochemistry and Molecular Biology, Eds: R.H. Burdon and P.H. van 
Kinppenberg; Elisevier Publishers Biomedical Division, 1985), 

Example 14 

Free Leptin Receptor-Mediated Enzyme Immunoassay (RMEIA) 

Development of the free leptin RMEIA was based on systematic evaluation of one-step 
and two-step assay configurations involving solid-phase antibody or CLBD capture with liquid 
phase CLBD tracer or antibody detection, respectively. Approaches affording reasonable 
response were selected for further evaluation and optimisation. Guided by the performance data, 
the version of the RMEIA presented in this report involves addition of standards, samples or 
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controls (0.05mL) and the detection antibody (0.05 mL), in duplicate, to CLBD pre-coated 
microwells, followed by 4 hr incubation at room temperature. The wells are washed x5, 
incubated with 0.1 mL/well TMB/H2O2 substrate solution for 15-min. Stopping solution (0.1 
mL) is then added and absorbance is measured by dual wavelength measurement at 450 nm with 
background wavelength correction set at 620 nm. A set of recombinant human leptin standards is 
included in each run against which, the unknown sample values are quantified colorimetrically. 
Obviously any and all sample and antibody volumes and incubation times could be altered as 
may be seen appropriate. The latter could include modifications used in conventional 
immunoassays or alternative approach known to those skilled in the art. 

In the present formulation of the Free Leptin RMEIA, the assay buffer was assay buffer B 
(0.05 mol/L borate, pH 8.5, 9 g/L NaCl, 1 g/L bovine serum albumin (BSA), 50 ml/L normal 
goat serum, 0.5 ml Tween 20, 5 mL/L proclin 300). The standard matrix was 50 mM sodium 
phosphate, pH 7.4 containing, 0.005 M sodium EDTA, and 1 g bovine serum albumin (BSA), 9 g 
NaCl, 400 mL goat serum, 1 mL Trasylol, and 2.5 mL Proclin-300 per litre. Where indicated 
standard matrix containing different concentrations of goat serum or serum from other animal 
species, including 100% serum matrix may be used. Based on the outcome of coating pH trials, 
coating of CLBD to microwells was performed at slightly acidic pH, using 0.2M Sodium 
Phosphate, pH 6.5. In brief, 0.2 mL of the CLBD re-suspended in the coating buffer at a 
concentration of 5 ug/mL was added into each microwell and allowed to incubate overnight at 
room temperature. The wells were then washed xl with the wash solution and 0.2 mL/well of the 
blocking solution was added and allowed to incubate for 1 hr as above. The wells were washed 
xl prior to use or stored for up to 2 days in the blocking buffer at 4 °C. The stopping solution was 
0.2 mol/L sulfuric acid in deionised water. The composition of the coating and blocking buffers 
as well as the wash solution were as described previously (29, 30). 

Coupling of the detection antibodies to HRP was performed as described (29, 30). The 
coupling reaction involved activation of the enzyme with sulfo-SMCC and its subsequent 
conjugation to the anti- leptin antibody, which had been activated by 2-iminothiolane. The stock 
HRP-conjugated antibody solution was diluted at least 1000-fold prior to use. Free Leptin 
standards were prepared by diluting recombinant human leptin in the standard matrix buffer 
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described above to give the required leptin reference standard values of about 0.5 to 100 ng/mL. 
The standards were freshly prepared prior to use. The quality control samples used were fresh 
serum samples containing various levels of leptin. The nominal concentrations of the control 
samples were established by analyzing the samples in a conventional Leptin ELISA. 

Example 15 
Free Leptin RMEIA Validation Procedures 

The intra-assay CVs was determined by replicate analysis of 4 samples in one run; inter- 
assay CVs by duplicate measurement of four samples in 9 separate runs. Specificity was assesses 
by the various approaches described in the Results section. For comparative evaluations, random 
adult male and female samples were assayed by the present Free Leptin RMEIA and by 
commercially available ELISAs for total leptin or soluble leptin receptor (DSL, Webster, TX). 
All values are means of duplicate measurements. 

Example 16 
Comparative assay studies 

For comparative studies, well-established commercial ELISA developed by DSL 
(Webster TX) for determination of total leptin and soluble leptin receptor were used. These 
assays are based on one- or two-step non-competitive immunoassay principals and involve 
capture/detection antibodies highly specific for leptin and the soluble leptin receptor (33). 

Example 17 
Data analysis 

The RMEIA and ELISA results were analyzed using the data reduction packages 
included in the Labsystems Multiskan microplate ELISA reader (Labsystems, Helsinki, Finland) 
with cubic spline (smoothed) curve fit. Linear regression analysis was performed by the least 
square method and correlation coefficients were determined by the Pearson method. The plots 
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and statistical analysis were performed by SigmaPlot and SigmaStat (Superior Performing 
Software Systems Inc, Chicago IL 60606-9653). 

Example 18 

Antibody Capture vs. Receptor Capture Approach 

In the preliminary assessment of various possibilities, one- or two-step assay 
configurations performed in antibody (solid-phase antibody capture) or receptor (solid-phase 
receptor capture) coated micro wells were evaluated. Protocol selection was initially based on the 
relative binding response of the various assay formats as well as non-specific binding signal 
(NSB) generated by the zero-dose standard. Based on the outcome of the binding studies, the 
antibody-capture approach was rejected because of poor signal/dose ratios at various leptin 
concentrations as well as high NSB (Table 3). The antibody-capture format evaluated in some 
details involved incubation of sample (50 uL) and assay buffer (50 uL) in antibody coated wells 
followed by sequential washing and incubation with CLBD-biotin tracer, streptavidin-HRPO, 
and colorimetric quantification. The uses of strategies commonly known to minimize NSB were 
found ineffective. 



Table 3. Free Leptin RMEIA; Antibody Capture 





Anti-Leptin Antibody (OD) 


Leptin 


6B4B 


6B4E 


BC4B 


6D26 


ELISA Plate 


ng/mL 












0 


0.46 


0.38 


1.51 


0.38 


0.81 


25 


0.44 


0.38 


1.68 


0.41 


0.85 


50 


0.42 


0.39 


1.85 


0.39 


0.77 


100 


0.48 


0.39 


1.98 


0.39 


0.78 


Two-step assay: 50uL sample + 50 uL assay buffer, incubate 3h 


Add CLBD-biotin (100 uL, 25 ng/mL), incubate 1h; 




Add steptavidin (SA)-HRPO (100 uL, 50 ng/mL), incubate 15 min, 


Add TMB substrate (100 uL), incubate 10 min; Add stopping solution 


(100 uL), read absorbance at 450 nm 





Example 19 
Receptor-Capture Approach 



34 



In the preliminary trials, a series of experiments was performed to evaluate, identify, and 
optimize potential factors that could improve performance of the assay. Attention was 
particularly given to modifications capable of minimizing zero-dose standard NSB signal, while 
maintaining high signal/dose ratios. The initial experiments identified the importance of standard 
preparation and storage as well as the processing of CLBD coated plates. The assay signal was 
found to be significantly higher in response to freshly prepared leptin standards than standards 
stored for 48 hrs at 4C. Similarly, there was a gradual decrease in the assay response when wet 
coated plates (containing blocking buffer) were stored at 4 C for more than 3 days (data not 
shown). Collectively, the data indicated the impact of standard preparation and plate coating 
process and suggested providing the standards and plates in lyophilized and dry format, 
respectively. 



Example 20 
Impact of Receptor Coating pH 

Initial experiments identified the importance of coating buffer in binding response. This was then 
followed by comparative evaluation of the effectiveness of the various detection antibodies and 
pH of coating CLBD to microwells. As represented in Table 4, the assay signal was significantly 
higher for receptor coating at pH 6.5, particularly when used in combination with the polyclonal 
anti-leptin antibody labeled with HRPO or biotin. Similar to the reduced assay signal for plates 
coated at lower coating pH (Table 4), signal loss was also evident when coating at higher (>7.0) 
pH (data not shown). Based on these and similar observations, 0.2 M sodium phosphate buffer, 
pH 6.5, was selected for CLBD coating to microwells. 
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Table 4. Free Leptin RMEIA; CLBD Coating 





Antibody (Ab 1 


f-HRPO 


Antibody (Ab)-Biotin 


Leptin 


pH2.6 


pH3 


pH4 


pH5 


pH6.5 


pH2.6 


pH3 


pH4 


pH5 


pH6.5 


ng/mL 






















1 o 


0.14 


0.12 


0.09 


0.12 


0.09 


0.41 


0.18 


0.22 


0.31 


0.32 


j 25 


0.15 


0.12 


0.16 


0.22 


0.19 


0.43 


0.28 


0.67 


1.16 


1.45 


1 50 


0.14 


0.14 


0.19 


0.28 


0.28 


0.44 


0.38 


0.95 


1.71 


2.26 


j 100 


0.21 


0.14 


0.26 


0.37 


0.48 


0.39 


0.41 


1.34 


2.38 


2.87 


Two-Step assay protocol using goat antHeptin detection antibody labelled with HRPO or Biotin 




Sample (25 uL) + assay buffer (50 uL), incubate 4h; Add Ab-HRPO (100 uL) or Ab-biotin, incubate 1h 


Add SA-HRPO and complete the assay colorimetrically as described in footnote to Table 1. 





Example 21 
Biotinylated vs. HRPO-Antibody Detection 

The potential impact of antibody labeling was further assessed by comparison of 
standard curve characteristics and other assay parameters using biotin or HRPO detection. The 
initial observations identified significant improvement in signal with antibody biotinylation, but 
at the expense of relatively high NSB signal (Table 4). As limiting NSB to levels seen for 
samples with very low total leptin levels was important for improving the lower limit of 
detection and accuracy, the impact of a number of assay variables (standard matrix, assay buffer, 
coating and detection antibody concentration) were systematically examined. As represented in 
Table 5, the major improvement was achieved by using HRPO-labeled detection antibody as 
signal (particularly with 200 uL/well coating) was comparable to levels obtained with the 
biotinylated antibody, while the NSB of the zero-dose standard was significantly minimized. 
The HRPO-antibody detection system was therefore selected for further evaluations. 



Table 5. CLBD Coating, Effect of Various Assay Variables 





Ab-Biotin 


Ab-HRPO 


Standard Diluent 


Diluent 1 


Diluent 2 


Diluent 1 


Assay Buffer 


A | B 


A | B 


A | B 


A | B 


CLBD Coating 


100 uL/well 


100 uL/well 


200 uL/well 


Leptin (ng/ml) 


















0 


1.12 


0.88 


1.05 


0.88 


0.07 


0.08 


0.09 


0.09 


25 


1.82 


1.59 


1.51 


1.45 


0.66 


0.79 


0.79 


0.89 


50 


2.4 


2.11 


1.89 


1.76 


1.09 
1.55 


1.32 


1.32 


1.35 


100 


2.9 


2.79 


2.46 


2.41 


1.89 


2.05 


2.41 


Two-Step assay was carried out as described in footnote to Table 2. 


i 






The standard diluent 1 and 2, and Assay buffer A and B are described in the Materials and Methods section. 


CLBD coating concentration was 10 ug/mL coated at 100 or 200 uL/microwell. [ I I 
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Example 22 

Importance of Standard Matrix: One- vs Two-Step Assay Format 



In immunoassays, particularly in receptor mediated systems, the standard matrix should 
be as close as possible to sample matrix so that differential effects of standard vs sample 
response are minimized. Accordingly, comparative analysis of signal generated for standards 
prepared in different buffers and in various animal sera was performed. As expected, the 
receptor-mediated one- and two-step assay formats responded differently to the various standard 
matrixes, with the serum-based standards generating a significantly lower binding response than 
the similarly prepared and tested buffer-based standards (Table 6). In addition, the use of serum- 
based standards, particularly in a one-step configuration, appeared highly advantageous in terms 
of NSB signal of the zero-dose standard and signal/dose ratios. It is important to note that the 
free leptin levels obtained by the one-step assay format using the serum-based standards were 
significantly higher and were within the immunoassay range for plasma free leptin (22-24). On 
the other hand, the comparatively high assay response for the buffer-based standards resulted in 
both high NSB as well as low sample readings in both assays, particularly in the two-step format 
(Table 6). 
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Table 


5. Free Leptin RMEIA; Two-Step Vs One-Step 




Standard Matrix 


ng/mL 


One-Step (OD) 


Two-Step (OD 


Leptin 


Diluent 1 


NGS 


Diluent 1 


NGS 


0 


0.074 


0.018 


0.128 


0.088 


3.13 


0.322 


0.051 


0.183 


0.102 


6.25 


0.569 


0.089 


0.241 


0.116 


12.5 


1.021 


0.165 


0.357 


0.155 


25 


1.905 


0.333 


0.583 


0.241 


50 


2.739 


0.537 


0.989 


0.365 


100 


3.181 


0.712 


1.589 


0.569 


Sample 


Free Leptin (ng/mL) 


1 


ND 


4.5 


ND 


ND 


2 


ND 


4.9 


ND 


ND 


3 


8.7 


101 


ND 


9.8 


4 


10.1 


145 


ND 


8.9 


5 


4.5 


35.6 


ND 


3.3 


6 


5.8 


47.1 


ND 


5.8 


7 


8.9 


112 


ND 


11.3 


Two-Step assay was carried out as described in footnote to Table 2. 


One-Step assay was done by simultaneous incubation of sample and 


HRPO-Ab for 4 h followed by colorimetric signal development. 



Example 23 

Receptor-Mediated Free Leptin Enzyme Immunoassay (RMEIA) 



Because of the apparent advantages of the one-step RMEIA, particularly its allowance for 
low NSB, the assay response to a number of variables, including sample volume, incubation 
time, and standard matrix composition was evaluated. As shown in Tables 6 and 7, the one-step 
assay was comparatively more sensitive than the two-step RMEIA, with the binding signal 
reaching near plateau after about 2 h of incubation (Table 7). Similarly, the importance of 
differential matrix effect and, thus, changes in absolute sample readings was evident when the 
assay response to standard preparation containing different amount of goat serum (0-100%) was 
examined. In accordance with results outlined above (Table 6), there was a significant increase 
in standard signal in response to decreasing serum content of the standard matrix, resulting in the 
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expected decrease in the absolute levels of the corresponding samples (Table 8). As the 
performance of the one-step assay, particularly in terms of sample readings and NSB signal of 
the zero-dose standard, appeared acceptable, a one-step receptor-mediated assay protocol for free 
leptin, incorporating the various improvements was developed. In the assay, sample (50 uL) and 
HRPO-labeled detection antibody (50 uL) are incubated for 4 h in CLBD-coated microwells at 
room temperature. After washing, TMB substrate is added and after 15-min incubation, the 
reaction is developed colorimetrically. 



Table 7. One-Step Free Leptin RMEIA 












Leptin 


Incubation Time (450 nm Absorbance) 


ng/mL 


1h 


2h 


3h 


4h 


5h 


0 


0.09 


0.15 


0.17 


0.21 


0.25 


! 3.13 


0.31 


0.54 


0.61 


0.76 


0.88 


6.25 


0.55 


0.96 


1.1 


1.27 


1.49 


12.5 


1.09 


1.84 


1.98 


3.36 


2.41 


i 25 


2.16 


3.09 


3.12 


3.49 


3.34 


50 


3.12 


3.19 


3.37 


3.45 


3.35 


i 100 


3.61 


3.54 


3.29 


3.24 


3.32 


Sample (100 uL) and Ab-HRPO (50 uL) incubated as shown. 




Reaction developed colorimetrically. 
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Table 8. One-Step Free Leptin RMEIA 




Standard Matrix (OD) 


Leptin 


100% GS 


50%GS 


25%GS 


0%GS 


ng/mL 










0 


0.026 


0.032 


0.039 


0.091 


3.12 


0.047 


0.083 


0.137 


0.255 | 


6.25 


0.069 


0.161 


0.246 


0.481 


| 25 


0.208 


0.566 


0.805 


1.533 


50 


0.431 


0.868 


1.457 


2.471 


100 


0.677 


1.237 


2.046 


3.045 


Sample 


Free Leptin (ng/mL) 


1 


11.2 


3.7 


2.1 


0.53 


2 


34.6 


12.7 


8.3 


3.89 


3 


13.3 


4.5 


2.6 


0.79 


4 


26.9 


9.6 


6.2 


2.47 


Free Leptin assay performed by iuncubating sample (50 uL) and 


Ab-HRPO in CLBD coated wells (5ug/mL, 200 uLAvell) for 4 h. 


Samples contained 11-40 ng/mL total leptin immunoreactivity. 



The selected RMEIA protocol demonstrated acceptable analytical performance 
characteristics. As shown in Table 9 and Table 10, the overall intra- and inter-assay imprecision 
of the assay was similar to levels seen for conventional immunoassays and were in general better 
than 10%. 



Table 9. Free Leptin RMEIA 












Intra-assay Imprecision 


Sample 


Mean 


SD 


%Cv 


n 












1 1 


11.29 


0.988 


8.8 


8 


2 


15.03 


0.824 


5.4 


8 


3 


37.5 


3.73 


9.9 


8 


4 


64.6 


3.33 


5.2 


8 
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Ta 


ble 10. Free Leptin RMEIA 










Inter-assay Imprecision 


Sample 


I 


II 


III 


IV 




12.1 


16.1 


37.5 


71.2 




10.7 


14.9 


38.1 


68.9 




10.7 


16.2 


36.9 


63.3 




8.8 


13.6 


37.9 


70.6 




10.8 


16.1 


38.9 


64.8 




10.9 


15.1 


38.1 


63.9 




10.7 


16.1 


38.9 


63.4 




10.8 


15.2 


35.6 


62.3 




11.4 


16.4 


38.9 


64.5 


Mean 


10.8 


15.5 


37.9 


65.9 


SD 


0.87 


0.91 


1.09 


3.4 


%CV 


8.1 


5.8 


2.9 


5.2 



Example 24 
Specificity Studies 

In addition to the specificity advantages of employing CLBD as the principal leptin binder, 
the specificity of the assay for free leptin was assessed by different approaches as follows: 

a). Receptor Binding Inhibition. In this experiment, a given concentration of human leptin falling 
within the assay range (35.9 ng/ml) was mixed with increasing amounts of CLBD. After 2-hr 
incubation at room temperature, the various mixtures were assayed for free leptin by the present 
Free Leptin RMEIA. Results are expressed as % free leptin recovery in response to pre- 
incubation with increasing receptor concentrations. Consistent with specificity for free leptin, 
there was a gradual decrease in free leptin levels in response to pre- incubation with increasing 
concentrations of the receptor (Table 1 1). 
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Table 11. Free Leptin RMEIA Specificity 






Free Leptin 


CLBD Added 


Expected 


Found 


Recovery 


ng/mL 


ng/ml_ 


ng/mL 


% 


0 


35.9 


35.9 


100 


50 


35.9 


25.1 


69 


250 


35.9 


10.5 


29 


500 


35.9 


5.1 


14 


2500 


35.9 


0.56 


1.5 


5000 


35.9 


0 


0 


All preparations were made in standard diluent #1 


Assay was performed as described in Materials and Methods 



b). Sample Mixing Experiment A serum sample containing relatively high free leptin (15.8 
ng/mL) and relatively low soluble leptin receptor (19.4 ng/mL) was differentially mixed with 
another serum sample containing high soluble leptin receptor (96.7 ng/mL) and low free leptin 
(0.24 ng/mL). After overnight incubation at 4 C, the various mixed and unmixed samples were 
assayed for free leptin. Results are expressed as % free leptin recovery. The experiment was 
obviously based on the assumption that the soluble leptin receptor in the high receptor sample 
was at least partly unoccupied so that its addition to the high free leptin sample would result in 
somewhat lower than expected free leptin reactivity. According to published reports, up to 99% 
of the total soluble leptin receptor could be pre-occupied by endogenous leptin (34) and as such 
would be ineffective in mixed experiments describe here. However, as shown in Table 12, there 
was an obvious decrease in the expected free leptin levels in response to mixing, suggesting 
undetectability of the portion of the free leptin that had bound to the unoccupied soluble leptin 
receptors. In addition, as in the above experiment, the decreasing trend in the free leptin levels 
indicates insusceptibility of the present assay design to possible leptin dissociation from 
endogenous leptin bound complexes. 
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Table 12. Free Leptin RMEIA Specificity 




Free Leptin 


SLR Added 


Expected 


Found 


Recovery 


ng/mL 


ng/mL 


ng/mL 


% 


0 




16.3 




19.3 


13 


12.8 


98 


39.4 


9.8 


6.8 


69 


A sample with high free leptin and low soluble leptin receptor 


was mixed with another sample containig high soluble leptin 


receptor. Samples assayed by the Free Leptin RMEIA after 


overnight incubation. j I 



c). HPLC Profile of Leptin Reactivity. Assay specificity was further examined by evaluating the 
gel filtration profile of leptin reactivity detected in serum. In initial trials, serum samples 
containing high endogenous free leptin levels were fractionated by size exclusion HPLC and the 
fractions assayed for free leptin by the present Free Leptin RMEIA. As represented in Figure 1 1, 
the free leptin reactivity invariably eluted in single peak in the 10-20 KD molecular weight 
region. 

In further assessments, a serum sample containing high endogenous soluble leptin receptor 
was fractionated as above and fractions assayed for free leptin and soluble leptin receptor HPLC 
profile. Results identified elution of soluble leptin receptor immunoreactivity and free leptin 
reactivity in the expected ~ 300 KD (33) and ~ 15 KD regions (26), respectively (data not 
shown). Because of the possibility of low leptin occupancy of the endogenous soluble leptin 
receptor, the serum sample was overnight incubated with excess recombinant leptin (300 ng/ml) 
and rechromatographed. As represented in Figure 12, the free leptin reactivity detected by the 
present assay was evident in a single peak eluting in the same molecular weight region as above. 
Again, no free leptin reactivity in fractions containing the soluble leptin receptor was detectable. 

Example 25 
Comparative Studies 
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In comparative studies of randomly selected serum samples from a clinical population of 
adult subjects, the free leptin levels measured by the present RMEIA correlated strongly with 
total leptin quantified by a commercially ELISA (DSL, Webster, TX) (Figure 13). However, 
despite the expected positive relationship, there was significant scattering of the measured values 
around the regression line, particularly at lower leptin levels (Figure 14) where higher 
proportions of plasma leptin are reportedly in the bound form (22, 34). As might be expected, the 
circulating free leptin levels correlated inversely with the corresponding concentrations of the 
soluble leptin receptor (Figure 15). 

Discussion 

The importance of precise and accurate determination of free leptin is linked to its 
apparent pathophysiological relevance and potential diagnostic and therapeutic applications. In 
addition to regulating feeding behavior and energy metabolism, recent evidence has broadened 
the potential scope of the leptin/leptin receptor system to include a diversity of other biological 
processes (3, 4, 9 -1 1). Collectively, the balance of leptin bioavailability appears to be influenced 
by a complex array of nutritional and hormonal factors as well as being affected by circulating 
levels of binding proteins and soluble leptin receptors. (8, 9, 11-13). The complexity of factors 
affecting leptin bioavailability is further evident by the wide range and overlapping 
concentrations of plasma leptin and soluble leptin receptor in normal vs obese individuals, and 
the extend of receptor occupancy by leptin as a function of obesity and body mass index (14-18, 
34). In this context, development of simple and specific methodologies for free leptin may 
provide a more accurate measure of leptin bioavailability, and thus its state of bioactivity, and a 
more pathophysiological ly relevant measure of leptin association with disease. 

The limited methodology currently described for free leptin are either based on 
determination of leptin mass by conventional non-competitive immunoassay approach (27), or 
are based on interaction of plasma leptin with cell surface receptors in quantitative in vitro assays 
(28). Although the later is capable of function leptin determination, the procedure is both 
expensive and highly inconvenient. Determination of leptin mass by the conventional "sandwich- 
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type" ELISAs (27) are also highly prone to leptin dissociation from the leptin bound complexes 
and the measurements could readily include assay response to both functional (capable of 
receptor binding) and non-functional leptin variants. The innovative receptor-mediated approach 
described in this report combines the specificity of CLBD for leptin with immunological leptin 
detection, thus relying on both functional integrity as well as immunological reactivity for 
accurate determination of free (bioavailable and bioactive) leptin. The simplified RMEIA 
protocol has the added advantages of being conveniently applicable to various manual or 
automated applications. 

The free leptin RMEIA, an immunofunctional assay, involves a recently validated 
chicken leptin binding peptide that specifically binds to free (bioactive) leptin as well as allowing 
for leptin detection by an antibody-directed approach. Fundamentally, the combination of 
receptor binding and immunological detection of bound leptin is an improtant measure of assay 
specificity. However, the latter was further demonstrated by complete inhibition of the binding 
activity in response to leptin pre-incubation with increasing concentrations of CLBD (Table 1 1). 
The substantiating specificity data was also indicated by differential mixing of samples with high 
endogenous soluble leptin receptor with samples containing high free leptin (low receptor) and 
analyzing the effect on free leptin determinations. Although, a gradual decrease in free leptin 
levels in response to increasing levels of endogenous soluble leptin receptor addition was 
observed, the inhibition was not as complete as described above. The lack of complete inhibition 
(Table 12) is most possibly due to the high occupancy levels of the circulating soluble leptin 
receptors by endogenous leptin (50-100%), particularly in obese subjects (34). 

As expected, in a series of size fractionation experiments by HPLC, plasma leptin 
reactivity by the present RMEIA eluted in a single peak corresponding to the molecular weight 
of free leptin (Figure 1). In contrast, there was no free leptin reactivity in HPLC fractionated 
samples that contained the soluble leptin receptor (data not shown). Because the latter 
observation might have been influenced by the extent of soluble leptin receptor occupancy by 
endogenous leptin (34), the above sample was overnight incubated with excess exogenous leptin 
(400 ng/mL) and rechromatographed. As shown in Figure 2, binding activity by RMEIA was 
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again evident in the free ieptin molecular weight range with no demonstrable activity in fractions 
containing the soluble leptin receptor. 

Finally, the observation of high correlation between free and total leptin is expected as 
circulating levels of both variants are directly related to body mass index (24-27). However, the 
significant scattering of the measured levels around the regression line, particularly at lower 
leptin levels (Figure 4) where higher proportions of plasma leptin are reportedly in the bound 
form (22, 34), is indicative of the differential impact of assay specificity for free vs bound leptin. 
The latter, which could be considered an inactive variant of leptin pool, appears to be 
differentially detected by the available total leptin assays (26), thus, further complicating 
specificity of leptin determinations. As might be expected (26), the free leptin measured by the 
present RMEIA correlated inversely with the corresponding levels of the soluble leptin receptors. 
In this case (Figure 5), the lowest free leptin levels were observed for samples that contained 
high concentrations of soluble leptin receptors, again exemplifying conditions where 
determination of free leptin might be of significant benefit. The latter is highly relevant given the 
finding that nearly 15-50% and 50-100% of the soluble leptin receptors in normal and in obese 
subjects circulates, respectively, in complex forms with the endogenous leptin (34). 

In summary, we here report development of simple and specific receptor-mediated 
enzyme immunoassay (RMEIA) for accurate determination of free (bioactive) leptin. The assay, 
involving a recombinant chicken leptin receptor binding protein domain (CLBD) in concert with 
an enzyme-labeled anti -leptin detection antibody, is considered highly advantageous in 
expediting leptin investigations at both research and application levels. The method involves 
capturing the free leptin with CLBD coupled to a solid-phase and detecting the captured free 
leptin with an antibody coupled to a detection system. The present assay configuration optimized 
for the various contributing variables could be obviously modified using different approaches 
known to those skilled in the art. 
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